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(57) ABSTRACT

A radio base station broadcasts system information through
a control channel. Each mobile station receives system
information (at step S21) and determines the moving speed
thereof (at step S22). When the mobile station 1s moving at
high speed, the mobile station measures the field intensities
of available channels on which the mobile station can
communicate with a macro cell radio base station (at step
S23 or S27). When the mobile station is moving at low
speed, the mobile station measures the field intensities of
available channels on which the mobile station can commu-
nicate with a micro cell radio base station (at step S27 or
S23). However, when the radio base station to which the
mobile station 1s moving 1s different from the radio base
station from which the mobile station has received the
control channel at first, the mobile station receives new
system information from the relevant base station at step
S26. The mobile station selects a channel corresponding to
the measured result and starts communicating with the new
radio base station (at steps S24 and S25).

2 Claims, 2 Drawing Sheets
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MOBILE RADIO COMMUNICATION
SYSTEM WITH MACRO AND MICRO CELL
HANDOFF BASED ON MOBILE
DETERMINED CROSSING RATES AND
FADING RATES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile radio commu-
nication system of which a service area 1s composed of
macro cells that are subdivided 1nto micro cells.

2. Description of the Related Art

As a conventional mobile radio communication system, a
related art reference disclosed 1n Japanese Patent Laid-Open
Publication No. 5-130018 i1s known. In the mobile radio
communication system, to solve problems of shortage of
channels and reduction of occurrences of hand-off, as shown
in FIG. 3, the service area 1s composed of macro cells 31,
cach of which 1s composed of micro cells 32. A terminal unit
communicates with a macro cell radio base station or a
micro cell radio base station corresponding to the traveling
speed of the terminal unait.

In the mobile radio communication system, to allow a
mobile station 1n the service area to communicate with a
radio base station, a communication channel should be
assigned for each communication session demanded for
communication. Normally, the channel assignment 1s pro-
cessed on the radio base station side (controlling station).
Likewise, this process 1s performed 1n the above-described
mobile radio communication system.

Thus, the radio base station side should perform many
process steps for the management of communication chan-
nels such as checking out assignable communication
channels, measuring the field intensity of a radio wave
transmitted by each mobile station, determining the permis-
sion of a communication request 1ssued by each mobile
station, and monitoring a communication state (line quality)
in the communication.

When a mobile station that 1s communicating with a radio
base station moves to an adjacent radio area, to keep the
communication, the original communication channel should
be switched to an optimum channel that a radio base station
in the adjacent radio area provides. In this case, 1 the
conventional mobile radio communication system, as with
selecting a channel in the communication start time, the
radio base station side selects a channel for communicating
with the radio base station 1n the adjacent radio area to which
the mobile station will move.

To alleviate the process performed on the radio base
station side, a method for causing each mobile station to
select a communication channel has been used in some
systems. However, 1n this method, since each mobile station
only measures the field intensities of available channels and
selects a channel with the strongest field intensity, the
mobile station does not sutficiently have information about
the system structure and the current system state. In
addition, since each mobile station selects a channel corre-
sponding to the field intensities of received channels, the
process on the radio base station side 1s applied to the mobile
station side. Thus, each mobile station occasionally fails to
select an optimum channel.

As a first problem 1n such a conventional mobile radio
communication system, when communications between
mobile stations and a relevant radio base station get con-
ogested or when a new channel 1s assigned between each
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mobile station and the relevant radio base station or the
current channel i1s switched to a new channel, the process
performance on the radio base station side deteriorates.

This 1s because only the radio base station side performs
a determining process and a selecting process for assigning,
a channel.

As a second problem 1n such a conventional mobile radio
communication system, the radio base station side selects a
channel necessary for communicating between the mobile
station and the relevant radio base station. However, the
selected channel 1s not optimum for the state of each mobile
station. The communication quality of the selected channel
may be so bad as the current channel should be switched to
another channel just after the communication initiates.
Alternatively, 1n this case, the communication may be 1imme-
diately disconnected.

This 1s because the radio base station side does not have
an effective means for monitoring the moving speed and so
forth of each mobile station. For example, when a commu-
nication channel of a radio base station that has a very small
radio area 1s assigned to a mobile station that 1s moving at
high speed, the mobile station moves to an adjacent radio
arca 1n a short time. Thus, the communication quality rapidly
deteriorates. In other words, an improper channel may be
assigned to each mobile station.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a mobile
radio communication system that allows each mobile station
to monitor the state thereof such as moving speed and
moving direction, the structure of adjacent cells, the system
structure such as available channels of each cell, and the
current state therecof and each mobile station to select an
optimum channel, thereby alleviating the load applied to the
radio base station side.

A first aspect of the present invention 1s a mobile radio
communication system, comprising a radio base station
having a 1inherent radio area, and a mobile station, disposed
in the mherent radio area, for communicating with the radio
base station, wherein the radio base station comprises a
broadcasting means for broadcasting particular system infor-
mation through a control channel, and wherein the mobile
station comprises a speed determining means for measuring
a state of the received control channel and determining the
moving speed of the mobile station, and a channel selecting
means for recerving the system information and selecting an
optimum channel on which the mobile station communi-
cates with the radio base station corresponding to the
moving speed determined by the speed determining means
from channels that the system information represents.

According to the present invention, there are a plurality of
radio base stations, each of the radio base stations placing
information representing available channels of the adjacent
radio base stations of each of the radio base stations to the
system 1nformation and broadcasting the resultant informa-
fion so as to switch the current channel to an optimum
channel when the mobile station moves from the radio arca
of a radio base station with which the mobile station is
communicating to an adjacent radio area thercof, and
wherein the mobile station further comprises a destination
identifying means for receiving control channels from the
individual radio base stations and i1dentifying a radio area to
which the mobile station will move corresponding to the
states of the received control channels, an mformation
extracting means for extracting information representing
channels available for the radio base station 1n the radio arca
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identified by the destination identifying means from the
system 1nformation, and wheremn the channel selecting
means selects an optimum channel for communicating with
the relevant radio base station corresponding to the moving
speed determined by the speed determining means.

A second aspect of the present invention 1s a mobile radio
communication system, comprising a macro cell radio base
station for forming a macro cell, a micro cell radio base
station for forming a micro cell, at least part of the micro cell
overlapping with the macro cell, and a mobile station for
communicating with the macro cell radio base station when

the mobile station i1s 1n the macro cell, for communicating
with the micro cell radio base station when the mobile
station 1s 1n the micro cell, for receiving a control channel
from the macro cell radio base station or the micro cell radio
base station, for determining the moving speed thereof
corresponding to the state of the received control channel
when the mobile station 1s present at a position of which the
macro cell and the micro cell overlap with each other, for
communicating with the macro cell radio base station when
the moving speed of the mobile station exceeds a predeter-
mined speed, and for communicating with the micro cell
radio base station when the moving speed of the mobile
station 1s less than the predetermined speed.

The mobile radio communication system according to the
present 1nvention further comprising a radio-base-station
controlling station for controlling the macro cell radio base
station and the micro cell radio base station, wherein the
macro cell radio base station and the micro cell radio base
station broadcast channels available in the other radio base
station through the control channel corresponding to control
information received from the radio-base-station controlling
station.

A third aspect of the present invention 1s a mobile radio
communication system, comprising a plurality of macro cell
radio base stations for forming macro cells, a plurality of
micro cell radio base stations forming micro cells, each of
the micro cells being smaller than each of the macro cells,
at least part of each of the macro cells overlapping with a
relevant macro cell, a radio-base-station controlling station
for controlling the macro cell radio base stations and the
micro cell radio base stations, and a mobile station, being
present 1n at least either a macro cell or a micro cell, for
communicating with one of the macro cell radio base
stations or one of the micro cell radio base stations, wherein
cach of the macro cell radio base stations and the micro cell
radio base stations comprises a broadcasting means for
broadcasting system information through a relevant control
channel corresponding to control information received from
the radio-base-station controlling station, and wherein the
mobile station comprises a speed determining means for
measuring the state of the received control channel and
determining the moving speed of the mobile station, and a
channel selecting means for receiving the system informa-
fion and selecting an optimum channel for communicating
with the relevant radio base station from channels that the
system information represents corresponding to the moving
speed determined by the speed determining means.

According to the present invention, the mobile station
communicates with one of the macro cell radio base stations
when the moving speed of the mobile station exceeds a
predetermined speed, and wherein the mobile station com-
municates with one of the micro cell radio base stations
when the moving speed of the mobile station is less than the
predetermined speed.

According to the present invention, the system informa-
tion contains information representing channels available in
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adjacent radio base stations of each of the macro cell radio
base stations and the micro cell radio base stations, and
wherein when the mobile station moves from the cell of the
relevant radio base station with which the mobile station 1s
communicating to an adjacent cell thereof, the moving
direction of the mobile station 1s obtained corresponding to
the variation of the field intensity of the received control
channel, a radio base station with a channel to which the
current channel of the mobile station i1s switched being
determined corresponding to the obtained moving direction
and the moving speed determined by the speed determining,
means, information representing channels available 1n the
determined radio base station being extracted from the
system 1nformation, an optimum channel being selected by
the channel selecting means.

According to the present mnvention, each radio base sta-
fion transmits information representing a candidate channel
of available communication channels thereof and available
channel alternatives 1n adjacent radio areas from a commu-
nicating radio areca on a control channel transmitted as a
common channel to all mobile stations corresponding to
information supplied by a radio-base-station controlling
station.

Each mobile station receives the control channel from the
relevant radio base station, detects the fading state thereof,
and determines that the mobile station 1s moving at high
speed when the fading rate is high (namely, the crossing rate
to a particular constant value is large). In contrast, each
mobile station determines that the mobile station itself is
moving at low speed or stops when the crossing rate to the
particular constant value 1s small.

When each mobile station starts communicating with the
relevant radio base station, the mobile station selects an
optimum communication channel corresponding to the
determined moving speed with the information received
through the control channel. When each mobile station
moves among radio areas, the mobile station selects an
optimum available channel from the available channel alter-
native group contained 1n the information received through
the control channel corresponding to the received level and
the moving speed.

These and other objects, features and advantages of the
present invention will become more apparent 1n light of the
following detailed description of a best mode embodiment
thereotf, as 1llustrated in the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual diagram showing a mobile radio
communication system according to an embodiment of the
present 1nvention;

FIG. 2A 15 a flow chart for explaining the operation of a
mobile station shown in FIG. 1 1n the case that the mobile
station 1nitiates a call;

FIG. 2B 1s a flow chart for explaining the operation of the
mobile station shown in FIG. 1 1n the case that the mobile
station switches the current channel to another channel; and

FIG. 3 1s a schematic diagram showing the relation
between conventional macro cells and micro cells.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A mobile radio communication system according to an
embodiment of the present invention will be described with
reference to the accompanying drawings.

The mobile radio communication system according to the
present invention comprises a plurality of mobile stations, a
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plurality of radio base stations, and a radio-base-station
controlling station. The radio base stations provide service
arcas for the mobile stations. The radio-base-station con-
trolling station controls the radio base stations. The radio
base stations are categorized as macro cell radio base
stations and micro cell radio base stations. The macro cell
radio base stations form macro cells (wide radio areas). The
micro cell radio base stations form micro cells (narrow radio
areas) that are smaller than the macro cells. It is preferable
that the macro cells and the micro cells independently cover
the entire service area (namely, the macro cells and the micro
cells overlap with each other).

For simplicity, in the following description, as shown in
FIG. 1, the case of which two macro cell radio base stations
11 and 12 and three micro cell radio base stations 13, 14, and
15 compose the service arca. It 1s assumed that the macro
cell radio base stations 11 and 12 have channels Al, A2, and
A3 and channels B1, B2, and B3 as channels on which they
can communicate with a mobile station 16, respectively. In
addition, 1t 1s assumed that the micro cell radio base stations
13 and 14 have channels al, a2, and a3 and channels b1, b2,
and b3 as channels on which they can communicate with the
mobile station 16, respectively.

Each radio base station periodically broadcasts particular
system 1nformation to all mobile stations in the relevant
radio areas through a control channel (common channel)
corresponding to information supplied from a radio-base-
station controlling station (not shown).

The mobile station 16 selects a control channel with the
strongest field intensity from the available control channels.
For example, when the mobile station 16 1s present in the
radio area of the macro cell radio base station 11, since the
field intensity of the control channel of the macro cell radio
base station 11 1s the strongest, the mobile station 16
receives this control channel. The mobile station starts
performing the communication 1nitiating process corre-
sponding to the system information received through the
control channel.

The system information received from the macro cell
radio base station 11 contains information representing that
the radio base station 1s a radio base station that forms a
macro cell (namely, that the radio area of the radio base
station 1s wide, that the radio base station can handle a
mobile station that moves at low speed and high speed, and
that the available channels are channels Al, A2, and A3).
The system 1information also contains information represent-
ing available channels to which the current channel can be
switched (for both macro cell radio base stations and micro
cell radio base stations).

Next, with reference to FIGS. 2A and 2B, the operation of
the mobile station 16 will be described. At step S21, the
mobile station 16 receives a control channel from the macro
cell radio base station 11 and obtains the fading rate of the
control channel. The mobile station 16 temporarily stores the
received system information in a memory thereof. The
system information stored in the memory 1s updated with
new system 1nformation received through the control chan-
nel periodically or at any time.

At this point, the mobile station 16 receives a control
channel from a relevant radio base station, measures the field
intensity (RSSI) of the received channel, detects a fluctua-
fion level A and a fluctuation period B of RSSI per prede-
termined unit time 1in a multipath transmission environment.
Assuming the fading rate to the fluctuation level A versus a
fluctuation period B, the fading rate 1s large when the
fluctuation period B 1s small 1n the case that the fluctuation
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level Ai1s large. When the fluctuation period B 1s small 1n the
case that the fluctuation level A 1s small, the mobile station
16 determines that the fading rate 1s small.

In a multipath transmission environment, when a mobile
station on a car, a bus, or a bicycle passes through an area
of standing waves of broadcasting radio waves, the fading
rate 1s a frequency fluctuation of an electric intensity, that is,
when the standing waves occur a period of Y2 wave length
distance determined by frequency bands of the mobile radio
communication system, while the mobile station moves at
constant speed 1n the multipath transmission environment,
the fluctuation of the electric intensity of the mobile can be
measured by a constant frequency.

Further, the fading rate may change to a crossing rate. The
crossing rate 1s determined by counting a number of cross-
ings of a threshold value 1n a constant period. The threshold
value of electric intensity 1s set up for sure and stable
reception of an electric wave of a mobile radio communi-
cation system. The crossing rate 1s used for determining
whether or not a mobile station 1s moving at high speed 1n
the environment having the fading rate. The crossing rate 1s
different with respect to the fading rate by the threshold
value, but actually, both rates have coincidence.

Next, at step S22, the mobile station 16 determines the
moving speed thereol corresponding to the fading rate.
When the mobile station 16 1s moving at high speed as the
determined result at step S22, the flow advances to step S23.
At step S23, the mobile station 16 measures the field
intensities of the channels Al, A2, and A3 that can be used
in communication with the macro cell radio base station 11.
Thus, the mobile station 11 checks out the deterioration due

to the interference of the same wave that takes place 1n the
case that adjacent cells use the same channel. Corresponding

to the measured result, the mobile station 16 selects an
optimum channel from the channels Al, A2, and A3.

At step S24, the mobile station 16 informs the macro cell
radio base station 11 of the selected channel through the
control channel. When the macro cell radio base station 11
can assign the channel selected by the mobile station 16, the
macro cell radio base station 11 sends a permission message
to the mobile station 16 through the control channel. When
the macro cell radio base station 11 cannot assign the
channel, it sends a message that represents an alternative
channel to the mobile station 16. When the mobile station 16
has received the permission message from the macro cell
radio base station 11, the flow advances to step S25.

At step S25, the mobile station 16 starts communicating
with the macro cell radio base station 11 on the selected
channel. When the mobile station 16 has received the
message that represents the alternative channel, 1t starts
communicating with the macro cell radio base station 11 on
the alternative channel.

When the mobile station 16 1s moving at low speed or
stops as the determined result at step S22, the flow advances
to step S26. At step S26, the mobile station 16 receives
control channels from adjacent micro cell radio base stations
that the received system information represents and com-
pares the field intensities thereof. Thereafter, the mobile
station 16 receives new system information from a control
channel with the strongest field intensity. This system 1nfor-
mation 1s the same as the system information received from
the macro cell radio base station 11. This system information
contains information representing that the radio base station
1s a radio base station that forms a micro cell and that the
available channels are channels cl, ¢2, and ¢3. In addition,
the system information also contains information represent-
ing available channels to which the current channel can be
switched.
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At step S27, the mobile station 16 selects an optimum
channel from the channels cl1, ¢2, and ¢3 corresponding to
the newly received system information and starts commu-
nicating with the micro cell radio base station in the above-
described manner.

In this example, the case of which the mobile station 16
starts communicating with the macro cell radio base station
11 corresponding to the system information thereof was
described. However, likewise, the mobile station 16 can start

communicating with a micro cell radio base station corre-
sponding to system mnformation thereof. In addition, 1n the
above description, the mobile station 16 determines the
moving speed with the fading rate. Instead, with a conven-
fional car navigator, the mobile station 16 may detect the
moving speed and moving direction so as to select an

optimum channel corresponding to the flow chart shown 1n
FIG. 2A.

Next, with reference to FIG. 2B, the case of which the
mobile station 16 1s moving to the radio area of the macro
cell radio base station 12 at high speed will be described.
When the field intensity of the channel on which the mobile
station 16 1s communicating with the macro cell radio base
station 11 drops to a predetermined value or less at step S31,
the flow advances to step S32. At step S32, the mobile
station 16 measures the field intensities of control channels
of the adjacent macro cells of the macro cell radio base
station 11 corresponding to system information stored in the
memory. Thus, the mobile station 16 determines that a
macro cell radio base station that sends the strongest control
channel 1s a radio base station to which the mobile station 16
is moving (in this case, the macro cell radio base station 12).
In addition, along with the field intensities, with the varia-
tions thereof, the mobile station 16 can detect a radio base
station to which the mobile station 16 1s moving.

When the mobile station 16 has determined that a macro
radio base station to which the mobile station 16 1s moving
1s the macro cell radio base station 12, the mobile station 16
reads from the memory thereof the channels B1, B2, and B3
available 1n the radio base station 12. At step S33, the mobile
station 16 compares the field intensities of these channels,
checks out the deterioration states due to the interference of
the same wave, and selects an optimum channel for com-
municating with the macro cell radio base station 12.
Thereafter, at step S34, the mobile station 16 informs the
macro cell radio base station 12 of the selected channel
through the control channel. At step S35, the mobile station
16 switches the current channel to the selected channel
corresponding to the response received from the macro cell
radio base station 12.

The operation 1n which the mobile station 16 1s moving at
low speed 1s nearly the same as the operation in which the
mobile station 16 1s moving at high speed. In other words,
when the field mtensity of the channel on which the mobile
station 16 1s communicating with the macro cell radio base
station 12 drops to a predetermined value or less, the mobile
station 16 measures the field intensities of control channels
of the adjacent micro cells to which the mobile station 16
will move corresponding to the system 1information stored in
the memory. The mobile station 16 determines that the micro
cell radio base station 14 that 1s sending a control channel
with the strongest field intensity as a radio base station to
which the mobile station will move. Thereafter, the mobile
station 16 reads channels dl, d2, and d3 available 1n the
micro cell radio base station 14 from the memory. The
mobile station 16 compares the field intensities of these
channels, checks out the deterioration states due to the
interference of the same wave, and selects an optimum
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channel for communicating with the micro cell radio base
station 14. The mobile station 16 informs the macro cell
radio base station 12 of the selected channel through the
control channel and switches the current channel to the
selected channel corresponding to the response received
from the macro cell radio base station 12.

In the case that the mobile station 16 1s called by a radio
base station (in other words, a call is terminated to the
mobile station 16), when the mobile station 16 is called
through a control channel, the mobile station 16 measures
the fading rate of the control channel and determines
whether the mobile station 16 1s moving at high speed or low
speed or stops with the measured fading rate. Thus, the
mobile station 16 responds to either a macro cell radio base
station or a micro cell radio base station corresponding to the
determined result. A channel on which the mobile station 16
and a relevant radio base station communicate 1s designated
in the above-described manner.

According to the present invention, since each mobile
station determines its moving speed and selects an optimum
channel on which 1t communicates with a radio base station,
it can communicate with the radio base station without
deteriorating the process performance on the radio base
station side. In this case, the radio base station side only
broadcasts information about selectable channels as system
information, thereby greatly alleviating the load applied to
the radio base station.

In addition, according to the present imvention, since
either a macro cell radio base station or a micro cell radio
base station 1s selected corresponding to the moving speed
of each mobile station, the number of occurrences of hand-
off can be decreased. Moreover, available channels can be
ciiectively used.

Although the present invention has been shown and
described with respect to a best mode embodiment thereof,
it should be understood by those skilled in the art that the
foregoing and various other changes, omissions, and addi-
tions 1n the form and detail thereof may be made therein
without departing from the spirit and scope of the present
invention.

What 1s claimed 1s:

1. A mobile radio communication system, comprising;

a plurality of macro cell radio base stations that respec-
tively form macro cells;

a plurality of micro cell radio base stations that respec-
tively form micro cells, each of the micro cells being
smaller than each of the macro cells, at least part of
cach of the macro cells overlapping with a relevant
macro cell;

a radio-base-station controlling station that controls said
macro cell radio base stations and said micro cell radio
base stations; and

a mobile station, being present in at least either a macro
cell or a micro cell, the mobile station communicating
with one of said macro cell radio base stations or one
of said micro cell radio base stations,

whereimn each of said macro cell radio base stations and
said micro cell radio base stations comprises:

a broadcasting unit that broadcasts system information
through a relevant control channel corresponding to
control mformation received from said radio-base-
station controlling station, and

wherein said mobile station comprises:
a speed determining unit that measures the state of the
received control channel and determines the moving,

speed of said mobile station; and
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a channel selecting unit that receives the system infor- stations when the moving speed of said mobile station
mation and selects an optimum channel for commu- exceeds a predetermined speed,
nicating with the relevant radio base station from wherein, at call initiation, said mobile base station com-

channels that the system information represents cor-
responding to the moving speed determined by said 5
speed determining unit,

municates with one of said micro cell radio base

stations when the moving speed of said mobile station

_ _ _ _ o 1s less than said predetermined speed, and
wherein the moving speed of said mobile station 1s

detected with one of: a) a fading rate based on a
fluctuation level and a fluctuation period of a received
signal per unit time, and b) a crossing rate of a received 19
signal received on the received control channel, the
crossing rate being calculated with respect to a prede-
termined threshold value,

wherein, when the mobile station 1s currently communi-
cating with one of said macro cell base stations, said
mobile station switches to perform communicating
with one of said micro cell base stations only when both
a) the moving speed of said mobile station is less than
said predetermined speed, and b) a field intensity of the
received control channel of said one of said macro cell

wherein, when the crossing rate is greater than a prede- s base stations is less than a predetermined field intensity.
termined crossing rate within a constant time period, 2. The mobile radio communication system as set forth in
the mobile station 1s determined to be moving above a claim 1, wherein the relevant macro cell is an adjacently-
predetermined speed level, disposed macro cell.

wherein, at call 1nitiation, said mobile base station com-
municates with one of said macro cell radio base A
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